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ABSTRACT

Objective: This study evaluated the effects of low level laser (LLL) therapy in the healing of third degree burning wounds in diabetic and non-diabetic Wistar
rats. Methods: The diabetes was experimentally induced with streptozotocine 14 days before the burning injury induction. The rats suffered the induction of
third-degree burning injury and were divided into four groups as follows: control group; non-diabetic treated group; diabetic group; diabetic treated group. Al
animals received occlusive bandages during the experimental days. The treated animals received the following treatment in alternate days: diode GaAlAs laser
(650 nm/ 12 mW), fluency of 3 J/cm? until the 7" experimental day followed by 6 J/cm?from the 7" day until the euthanasia day. The burning wounds were
morphometrically, macroscopically and microscopically evaluated at 3, 7, 14, 21 and 30 days after the induction. Results: The wound contraction was signifi-
cantly higher in all experimental days in treated groups when compared to the diabetic and non-diabetic control groups. Microscopically, there was a significant
increase in angiogenesis and in fibrogenesis during the proliferative stage in the treated groups. Conclusion: Therefore, we conclude that LLL therapy favored
the tissue healing process with 3 J/cm? dosage for the inflammatory stage and with 6 J/cm? dosage for the proliferative and remodeling ones, accelerating the
burning wound contraction and improving the healing process.
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RESUMO

Objetivo: Este estudo avaliou os efeitos da terapia a laser de baixa intensidade (LBI) na cicatrizacdo de feridas por queimadura de terceiro grau em ratos Wistar
diabéticos e ndo diabéticos. Métodos: A diabete foi induzida experimentalmente com estreptozotocina 14 dias antes da inducio da lesao por queimadura. Os
ratos sofreram a indugdo da lesdo por queimadura de terceiro grau e foram divididos em quatro grupos: grupo controle; grupo tratado néo diabético; grupo
diabético; grupo tratado diabético. Todos os animais receberam curativos oclusivos durante os dias experimentais. Os animais tratados receberam o seguinte
tratamento em dias alternados: laser diodos GaAlAs (650 nm/12 mW), fluéncia de 3 )/cm? até o sétimo dia experimental, seguido por 6 J/cm? a partir do
sétimo dia até ao dia eutanasia. As feridas por queimaduras foram avaliadas morfometricamente, macro e microscopicamente em 3, 7, 14, 21 e 30 dias apds
a indugdo. Resultados: A contracio da ferida foi significativamente maior em todos os dias experimentais nos grupos tratados quando comparados com os
grupos controle diabéticos e ndo diabéticos. Microscopicamente, houve aumento significativo na angiogénese e na fibrogénese durante a fase proliferativa nos
grupos tratados. Conclusdes: Concluimos que a terapia LBl favoreceu o processo de cicatrizagio do tecido com dosagem de 3 J/cm? na fase inflamatoria e
com dosagem de 6 J/cm? nas fases proliferativa e de remodelacio, acelerando a contragdo da ferida por queimadura e melhorando o processo de cicatrizagdo.
DESCRITORES: Queimaduras. Diabetes Mellitus. Terapia com Luz de Baixa Intensidade. Patologia.

RESUMEN

Objetivo: Este estudio evalud los efectos de la terapia laser de baja intensidad (LBI) en la cicatrizacion de heridas por quemadura de 3er. grado en ratones
Wistar diabéticos y no diabéticos. Métodos: La diabetes fue inducida experimentalmente con Estreptozotocina 14 dias antes de la induccion de la lesion por
quemadura. Después de la induccion de la lesion por quemadura de 3er. grado, los ratones fueron divididos en cuatro grupos: control, tratado no-diabético, di-
abético y tratado-diabético. Todos los animales recibieron curativos oclusivos durante los dias de los experimentos. Los animales tratados recibieron el siguiente
tratamiento en dias atternados: laser diodos GaAlAs (650 nm/12 mW), flujo de 3 J/cm? hasta el séptimo dia del experimento, seguido por 6 J/cm? a partir del
séptimo dia hasta el dia de la eutanasia. Las heridas por quemadura fueron evaluadas morfométricamente, macro y microscopicamente en 3, 7, 14, 21 y 30
dias después de la induccion. Resultados: La contraccidn de la herida fue significativamente mayor en todos os dias de experimento en los grupos tratados
cuando comparados con los grupos control diabéticos y no-diabéticos. Microscopicamente, hubo aumento significativo en la angiogénesis y en la fibrogénesis
durante la fase proliferativa en los grupos tratados. Conclusiones: Concluimos que la terapia LBl favorecié el proceso de cicatrizacion del tejido con dosis
de 3 J/cm?en la fase inflamatoria y con dosis de 6 J/cm? en las fases proliferativa y de remodelacion, acelerando la contraccién de la herida por quemadura y
mejorando el proceso de cicatrizacion.

PALABRAS CLAVE: Quemaduras. Diabetes Mellitus. Terapia por Luz de Baja Intensidad. Patologfa.
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INTRODUCTION

Tissue repair mechanisms may be prolonged when endogen
and exogenous alterations occur concomitantly in the same patient
such as diabetes mellitus (DM) and third degree burning wounds.
These burning wounds are considered complex injuries that require
a distinct treatment which involves a multidisciplinary team and va-
ried approaches to obtain the healing success'. LASER is an acronym
for “Light Amplification by Stimulated Emission of Radiation” and is
a device of electromagnetic radiation (EMR) with specific characte-
ristics applied to each tissue and to each wave length in which the
anti-inflammatory, analgesic, tissue repair, pigmentation and surgical
effects are highlighted.

High complexity wounds such as burning wounds in diabetic
patients are a public health issue as they affect all classes of the worl-
dwide population. Burning wounds are a great challenge for health
professionals and for the public health system around the world as it
demands specialized human, material and financial resources’. Third
degree burn wounds are considered, by its extension, high comple-
xity injuries which present slow wound closure. The laser therapy is
a resource that involves the appliance of a monochromatic light of
low energy speeds up the healing process avoiding its exposure to
agents that may compromise the tissue repair?.

The Ministry of Health of Brazil reports that the burning wounds
are in fourth place of the ranking of death caused by injury and it is
estimated that at least 1,000,000 people suffer some kind of burning
wound per year in this country*.

There are several different approaches to treat burning wounds
when in the tissue repair stage such as polymers, phytoterapic ex-
tracts, mineral compounds, physical resources such as low level laser
(LLL), therapeutic ultrasound (US), light emitting diode (LED) and
hyperbaric chambers. Some of these approaches are widely used in
clinic consultations and result in positive outcomes'.

Some studies using experimental models identified the beneficial
effects of LLL in the treatment of burning wounds in diabetic and
non-diabetic rats. These studies show that the capacity of the laser
light to penetrate within the injured tissue favors the contraction of
the wound, angiogenesis, fibroblasts proliferation and, consequen-
tly, a greater collagen deposition in situ>®. However, there is great
diversity in the parameters of LLL use, for instance, wave length,
energetic dosages and applying form.

Therefore more detailed studies on the effect of factors that in-
terfere in the wound healing process such as the concomitancy of
diabetes mellitus and burning wounds should be performed. Thus
the aim of this study was to evaluate the effect of low level laser of
650nm in the healing process of third degree burning wounds expe-
rimentally induced in diabetic and non-diabetic rats through macros-
copic, microscopic and morphometric analysis and the quantification
of collagen.

METHODS

Samples and ethic aspects

An experimental prospective longitudinal study was performed
with 100 Wistar rats approved by the Animal Use Ethics Committee/
CEUA-PRPPG-UFG, protocol number 007/12.

Three animals were housed in each cage. They received water
and autoclaved commercial ration ad libitum and the bed changes
were performed twice a week. The animals were carefully handled,
always by the same researcher and in the morning period supervi-
sed by a veterinarian physician. An adaptation of the animals in the
proposed environment was performed so as to prioritize their well
being.

Experimental groups

Female rats with 60-75 days of age and weighting 200-250 g
were used. The animals were divided into four groups of 25 ani-
mals each as follows: control group (CG); diabetic group (DG); non-
diabetic treated group (NDTG) and diabetic treated group (DTG).
Five animals from each group were euthanized at 3, 7, 14, 21 and
30 days after the induction of the third degree burning wound for
the analysis of the macroscopic, microscopic and morphometric pa-
rameters of the wound.

The euthanasia of the animals was performed through a perito-
neal lethal injection of anesthetics used for the lesion induction but
in the concentration of | ml/g of Ketamine 10% and Xilazine 2%.

All analyses were performed by a researcher who did not know
the groups distribution.

Protocol for Type | Diabetes Mellitus (DM) induction

The rats received an intraperitoneal injection of streptozotocine
dissolved in citrate buffer 0.1M, pH=4.5, 40 mg/kg of weight to
induce DM’. The DM was confirmed through the glucose dosage by
the Biocheck device and all animals who received streptozotocine
and presented glycemia higher than 200 mg/dl were considered dia-
betic. The weight and glycemia were dosed before, 24 and 72 hours
after the DM induction and in the day of the euthanasia. The DM
induction was performed 14 days before the third degree burning
wound induction.

After the DM confirmation a histopathologic analysis of the cen-
tral arteriole from the white pulp of the spleen was performed ai-
ming the detection of vascular alterations induced by this disease.
The spleen of the animals (n=3) was removed at 2, |5 and 30 days
after the DM induction and the tissues were processed for paraffin
inclusion and two slides of 4 micrometer width each were stained
with hematoxilin & eosin (HE) and picro-sirius. The alterations of
the arteriole width were quantified through analysis with the Image |
software (NIH) version |.3.1.

Lesion protocol

At day 0 the animals were anesthetized with 0.0 | ml/g of Ketami-
ne 10% and Xilazine 2% via intraperitoneal. Afterwards a depilation
of the dorsal region of the animal was performed and the third de-
gree thermic injury induced by the immersion of this region in water
at 95°C for 14 seconds®.

During the treatment period the animals received daily occlu-
sive and sterilized bandages. Initially a cleaning of the wound with
physiologic solution was performed followed by a topic application
of silver sulfadiazine ointment. All animals received an occlusive ban-
dage. A veterinarian physician supervised the injured animals during
the animal hygiene, aggressiveness, posture and answer to handling
were observed.
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At the second day after the injury induction the surgical debride-
ment of the wounds was performed?.

Laser application

The laser device used in this study was developed by Carci In-
dustria e Comércio de Aparelhos Cirlrgicos e Ortopédicos Ltda
(Americanépolis - Sdo Paulo — SP — Brasil), Model LASERMED 4098
with an automatic emission pen of continuous visible red of 650 nm
and 12 mWatts, GaAlAs MOCVD (Energy=0.3 J; spot area=0.|
cm?; emission potency= 12 mW). For the LLL (low level laser) the-
rapy treatment the burned areas were divided into four equal qua-
drants and each one of the quadrants was in contact with the light
source emitted by the laser with 3 J/cm? dosage until seven days and
6 J/cm? during the remaining days. The time of irradiation was cal-
culated by the ratio between the energy and emission potency. The
animals were gently manipulated and stabilized by the researchers
in a surgical bed in ventral decubitus with the members in extension
and the laser application was performed in a punctual mode and per-
pendicularly to the injury bed, in alternated days. Each field received
the light emission in a uniform punctual mode and with the same
established parameters.

Macroscopic evaluation and wound contraction analysis

In the established experimental days the stages of the inflam-
matory process were evaluated, i.e., inflammation, proliferation
and maturation. The following parameters were analyzed: necrosis,
crust, granulation tissue and contraction.

The wound contraction analysis was performed through the
photography of the injuries through a digital camera attached to a
tripod and at a constant distant of 20 cm from the lesion. Afterwards
the images were analyzed through the Image | software (NIH) ver-
sion .3.1.

The area of the wound was surrounded using the Image | sof-
tware (NIH) by a researcher who did not know which treatment
was being analyzed. Afterwards the contraction (CD) was calculated
by the following equation: CD=[(area D° - area D’)x | 00]/ area D",
where D° represents the day of injury induction and D’ the corres-
ponding experimental day (3, 7, 14, 21 or 30).

Microscopic evaluation

The injury tissue was removed through biopsy procedure, pro-
cessed to paraffin inclusion, sliced into 4 micrometers width and
stained by hematoxilin & eosin (HE). After the animal euthanasia a
full thickness skin (0.3 cm) was excised from the injured area with
a scalpel. The removed skin sample contained the epidermis, der-
mis, subcutaneous fat, panniculus carnosus and the muscle layer. The
samples from cutaneous lesions were collected as to include the skin
adjacent to the wound edges and all the scar tissue in its depth.

The general pathologic processes were analyzed in the dermis of
the injury. This was a semi-quantitative analysis as follows: absent (A)
(score=0); discrete (D) with | to 25% of the fragment (score=I);
moderate (M) from 26 to 50% of the fragment (score=2); and ac-
centuated (Ac) above 51% of the fragment (score=3).

The pathologic processes analyzed were necrosis, fibrin, poli-
morphonuclear (PMN) cells infiltration, mononuclear (MN) cells in-
filtration, angiogenesis and fibroblasts quantification.

The collagen quantification was performed from skin fragments
fixed and blocked in paraffin, stained by picro-sirius and counter stai-
ned by hematoxilin at 14, 21 and 30 days of experiment. The slides
were analyzed through a polarized light microscopy with the 10x
objective, photographed and the digital images were directed to the
morphometric analysis which was performed in 20 fields through
the Image | software, corresponding to the whole area of the slide.
The images of the collagen areas were identified and converted into
pixels by the software which resulted in a percentage of collagen
from analyzed slide.

Statistical analysis

All variables were tested regarding its normal distribution and ho-
mogenous variance through the Sigma Stat 3.2 software. When the
distribution was considered normal and with homogenous variance
the student t-test was used. When the distribution was not normal
the Mann Whitney test was used. The differences were considered
significant when p<0.05. The number of animals used in this study
was determined as to respect the animal experimentation principles
and as to use the minimal amount of animals that allow an adequate
statistical analysis’.

RESULTS

Analysis of DM induction

Aiming the evaluation of the compromise of the microvasculari-
zation in DM a pilot study was performed with three Wistar rats who
suffered an experimental induction of DM. The animals submitted
to the diabetic induction and who presented glycemic levels higher
than 200 mg/dl in the evaluation period (24 and 72 hours, 7 and |5
days) were euthanized and had their spleen removed. In this organ
transversal slices were made for the microscopic evaluation of the
central arteriole from the white pup. In this evaluation was possible
to observe a progressive increase in thickness of the wall of the cen-
tral arteriole. Also this material showed negative results in PAS and
picro-sirius staining which demonstrates that the observed increase
is due to hyperplasia.

Macroscopic evaluation and wound contraction analysis
The animals treated with laser presented a significant increase in

the wound contraction (p<0.05) when compared to the non-tre-

ated groups, both the non-diabetic as the diabetic groups (Table 1).

Microscopic analysis

There was a significant increase (p<<0.05) in angiogenesis in
both diabetic and non-diabetic treated groups when compared
to the control groups at the third experimental day. At the four-
teenth experimental day was also possible to observe a significant
difference (p<0.05) in angiogenesis and in fibroblasts quantifica-
tion in the diabetic treated group in comparison to the diabetic
control one. At the twenty first experimental days the statisti-
cal difference was observed on the fibroblasts quantification in
the diabetic treated group in comparison to the diabetic control
group. At all other experimental days the pathologic processes
analyzed did not present statistical significance between groups
(Figure 1) (Table 2).
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TABLE 1

Comparison of wound contraction area throughout the experimental days in diabetic and non-diabetic
Wistar rats with third degree burning wounds.

G 92 0.1 14.5 0.6 63.7 0.6 87.4 1.9 94.9 1.4
NDTG 14.4 1.2 27.8 0.8 73.8 1.0 93.0 1.4 98.0 0.4
p<0.05* p<0.05* p<0.05* p<0.05* p<0.05*
DG 1.0 02 10.6 0.5 54.1 1.2 81.0 1.0 88.2 2.7
DTG 2.1 0.4 28.5 1.5 63.3 1.5 91.9 0.8 98.5 0.5
p<0.05* p<0.05* p<0.05* p<0.05* p<0.05*

DAI=days after burning induction; Me=mean; ST=standard deviation; CG=control group;, NDTG=non-diabetic treated group, DG=diabetic group; DTG =diabetic
treated group; * p<0.05, Statistical test: student t-test, comparison between treated and control groups.

Figure 1 — Photomicroscopy of third degree burning wound in diabetic rats. A, C and E diabetic control group at 3, 14 and 21 experimental days,
respectively. B, D and F diabetic treated group at 3, 14 and 21 experimental days, respectively. In B there is greater angiogenesis than in A. In D there is
greater angiogenesis and fibroblasts quantification than in C. And in F there is greater fibroblasts quantification than in E. (HE, scale bar=20um)
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TABLE 2
Microscopic analysis of the general pathologic processes in third degree burning wounds in diabetic and
non-diabetic Wistar rats. Results in mean + standard deviation.

Pathologic processes DAI CG NDTG DG DTG P
3 2.0=0.0 2.0+0.0 1.4+0.5 1.8+0.8 <0.05
CG>DG
7 1.0+0.0 1.4+0.5 1.4+0.5 0.8+0.8 >0.05
14 1.6+0.5 0.8+0.4 0.4+0.5 0.8+0.8 >0.05
Necrosis 21 0.4+0.5 0.8+0.8 3.0+0.0 3.0+0.0 <0.05
CG<DG
NDTG<DTG
30 1.0+0.0 0.8+0.4 0.0+£0.0 0.0+0.0 <0.05
CG>DG
NTDG>DTG
3 3.0+0.0 3.0=0.0 3.0+0.0 3.0+0.0 >0.05
7 2.0+0.0 2.0+0.0 2.0+0.0 2.0+0.0 >0.05
Fibrin 14 0.0+0.0 0.2+0.4 0.0+0.0 1.0+0.0 <0.05
NTDG>DTG
21 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 >0.05
30 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 >0.05
3 2.6+0.5 2.0+0.0 1.2+0.4 1.4+0.5 <0.05
NTDG>DTG
7 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0 >0.05
14 2.2+0.4 2.0+0.0 3.0+0.0 3.0+0.0 <0.05
MN infiltration CG>DG
21 2.0+0.0 1.6+0.5 2.6+0.5 2.8+0.4 <0.05
NTDG>DTG
CG>DG
30 2.0+0.0 0.8+0.4 2.0+0.0 0.8+0.4 >0.05
3 2.0+0.0 3.0+0.0 0.6+0.5 2.2+0.4 <0.05
CG<NTDG
DG<DTG
NTDG>DTG
Angiogenesis 7 3.0+0.0 2.8+0.4 2.4+0.9 3.0+0.0 >0.05
14 1.6+0.5 2.6+0.5 2.0+0.0 3.0+0.0 <0.05
DG<DTG
NTDG>DTG
21 1.8+0.4 1.8+0.4 2.2+0.8 2.8+0.4 >0.05
30 2.2+0.8 2.6*+0.5 1.4+0.5 2.2+0.8 >0.05
3 1.2+0.4 1.0+0.0 2.0+1.0 1.6+0.9 >0.05
7 3.0+0.0 2.6+0.5 1.8+0.8 1.8+0.8 <0.05
CG>DG
14 2.8+0.4 2.8+0.4 2.6*x0.5 3.0+0.0 <0.05
Fibroblast DG<DTG
21 3.0+0.0 3.0=0.0 0.0+0.0 3.0+0.0 <0.05
DG<DTG
CG>DG
30 2.0+0.0 2.2+0.4 2.2+0.4 2.2+0.4 >0.05

DAI=days after burning induction, CG=control group, NDTG=non-diabetic treated group, DG=dlabetic group; DTG =diabetic treated group, PMN=polymorphonuclear
cells; MN= mononuclear cells.
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TABLE 3
Comparison of collagen deposit throughout the experimental days in diabetic and non-diabetic Wistar rats with
third degree burning wounds. Values expressed in median (minimum - maximum).

14 DAI 21 DAI 30 DAI

G 10.2 10.2 10.2
(9.09 - 13.65) (9.09 - 12.55) (9.09 - 11.90)

NDTG 12.9 p<0.001 12.9 p<0.001 13.5 p<0.001
(11.03 - 16.66) (11.23 - 14.20) (12.09 - 16.65)

DG 10.2 10.11 10.20
(9.18 - 12.50) (9.06 - 12.50) (9.57 - 14.00)

DTG 12.5 p<0.001 13.20 p<0.001 14.20 p<0.001

(11.33-13.61)

(11.53 - 16.40)

(13.45-15.31)

DAl=days after burning induction;, CG=control group; NDTG=non-diabetic treated group; DG=diabetic group, DTG =dlabetic treated group; Statistical test: Mann

Whitney, comparison between treated and control groups.

The collagen deposit was significantly higher in the laser treated
groups (diabetic and non-diabetic) when compared to the control
groups (diabetic and non-diabetic) (Table 3). There was no statistical
difference in the polimorfonuclear infiltration comparison between
the groups (data not shown).

The non-diabetic control presented more accentuated necro-
sis (p<0.05) than the diabetic control group at 3 days post injury
induction while the LLL treated groups did not present a statistical
difference in necrosis intensity. At 21 and 30 days post injury induc-
tion when comparing the control groups and the treated groups was
possible to observe a significant difference (p<0.05) in the necrosis
intensity which was increased in the diabetic groups at 2| days and
in the non-diabetic groups at 30 days.

The diabetic treated group presented significantly higher inten-
sity of fibrin (p<0.05) when compared to the non-diabetic treated
group at |4 days post injury induction.

The mononuclear infiltration was significantly more accentu-
ated in the non-diabetic treated group (p<0.05) when compa-
red to the diabetic treated group at 3 days post injury induction.
However, at 14 days post injury induction the statistical differen-
ce (p<0.05) was observed when comparing the control groups
in which the diabetic one presented more infiltration than the
non-diabetic one. Interestingly this difference was not observed
in the LLL treated groups at the same experimental day. At 2|
days post injury induction the statistical difference was obser-
ved when comparing the control groups and the treated ones
(p=<0.05).

The angiogenesis was increased in the non-diabetic treated
group when compared to the diabetic treated one at 3 days post
injury induction, however at |4 days it was increased in the diabetic
treated one (p<0.05).

The fibroblast intensity was increased in the non-diabetic con-
trol group when compared to the diabetic control one (p<0.05)

at 7 and 2| days post injury induction. Such statistical difference
was not observed in the LLL treated groups at the same experi-
mental day.

DISCUSSION

This study brings an innovative approach for the treatment of
burning wounds in diabetic experimental model with rats which
is the use of the occlusive bandage during the whole period of
treatment associated to the surgical debridement of the wound
and the variation in the dosimetry accordingly to the inflammatory
phase of the healing process. The surgical debridement performed
in this study evidently contributed to the reduction of necrosis in
the wounds.

The great majority of studies that used LLL therapy did not
adopt this procedure leading to an accentuated necrosis of the
wound even in the late phase of the healing process'®. The necro-
sis/crust removal allowed that the light could be emitted in a more
direct form and achieved greater depths in the wounded site. The
occlusive bandage was adopted as to maintain the hydration of the
wound which minimized the crust formation, traumas and conta-
mination of the wound bed due to the contact with other animals
in the cage.

This study also evaluated the morphometric, macroscopic and
microscopic alterations in third degree burning wounds healing
process in diabetic and non-diabetic Wistar rats treated with LLL
therapy. The wound contraction rate was significantly higher in LLL
treated groups in comparison to the control groups. The wound
contraction rates reported by other authors that also used one wa-
velength of the LLL therapy are similar to the ones found in this
study®'®'". These results indicate that even in the presence of factors
that interfere in the healing process such as diabetes mellitus the LLL
therapy is effective.

Rev Bras Queimaduras. 2016;15(1):42-49

47



Fantinati MS et al.

In the inflammatory or exudative stage, in the present study,
some of the analyzed pathological processes present a significant
difference between the groups. Other authors demonstrated that
LLL therapy has positive effect at the early phases of wound healing
process'? in accordance to the findings of our study. However, the-
re was no report on the literature about the changes in dosimetry
during the treatment and the effect of the occlusive bandage on the
wound healing process when comparing diabetic and non-diabetic
experimental groups.

In the analysis of the proliferative stage was possible to ob-
serve a significant difference both in angiogenesis and in the pre-
sence of fibroblasts, at 14 days after burning induction in diabetic
animals who received the LLL therapy when compared to the
diabetic control group. According to the literature angiogenesis
occurs simultaneously to the fibroplasia in which the new blood
vessels will give support to the new interstitial matrix that is being
formed".

The LLL therapy promotes the inflammatory modulation in the
irradiated site and the presence of depurative cells stimulates the
release of substances such as fibroblasts growth factor (FGF) and
vascular endothelial growth factor (VEGF). Therefore the formation
of new blood vessels supplies this new environment with more oxy-
gen and nutrients favoring the migration of fibroblastic cells which
contributes to the healing process'.

Angiogenesis and moderate to accentuated fibroblasts quantifi-
cation was also observed in animals treated with one wavelength of
LLL therapy'. The increase in angiogenesis and fibroblasts quantifi-
cation may be related to the fact that low level lasers stimulate the
oxidative mechanism of mitochondria especially when submitted to
665nm wavelength'®.

Both angiogenesis and fibroblasts migration in the burning
wound site favored the significant increase in collagen deposit in
the region especially in the LLL therapy treated groups. Similarly,
other authors describe that the photomodulation of the laser the-
rapy is essential for the fibroblastic migration and consequently to
the increase in collagen deposit®”!'"'®. It has been reported that
the LLL therapy lead to better results in the healing process of
diabetic animals comparing to non-diabetic ones'®. Other authors
have reported that the collagen concentration on the wound bed
was also greater in the diabetic animals treated with LLL therapy
when compared to the non-diabetic ones'”. These data are very
similar to the ones found in this study, especially at 14 days after
the burning induction.

Also, it has been reported that LLL therapy in wound repair in
diabetic rats leads to increase in fibroblasts and collagen when com-
pared to the diabetic controls'®. Furthermore LLL therapy induces
the conversion of the diabetic wound healing into normal healing
such as demonstrated in our studies'®.

In this study was possible to observe a progressive thickness of
the wall of the central arteriole of the white pulp of the spleen in
diabetic animals. Also it has been confirmed the arteriole thickness
in histological material of patients with diabetic foot and that the

treatment of such wounds should be performed with therapeu-
tic methodologies that stimulate the biological components of the
healing process'®.

CONCLUSION

Therefore we conclude that based on the evaluation of the
results in this study accordingly to the used methodology the LLL-
650nm therapy stimulates the angiogenesis in the inflammatory stage
and fibrogenesis in the proliferative stage contributing to the remo-
deling stage and repair of the injured tissue. Furthermore there was
little effect of the LLL therapy on non-diabetic animals and promising
effects on diabetic ones. Therefore a clinical application o LLL the-
rapy in diabetic individuals with burn injuries is recommended in the
early phases of the healing process.
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